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ABSTRACT
An Examination of Sex Differences in Quantitative
Problem-Solving Strategies in Young Children
February 1984
Virginia E. Goldberger, B.A., Antioch College
M.S., Ph.D., university of Massachusetts
Directed by: Professor Nancy A. Myers
Children between the ages of 5 and 10 years old were given
problems which involved the comparison of two sets of objects. Of
primary interest was whether children chose to count or measure while
solving. Measurement, was considered to be the necessary or optimal
strategy on all the problems.
Within the control condition (N=56), boys were found to; use more
interactive strategies (i.e., counting and/or measurement), use
measurement more frequently, and obtain the correct answer after
measuring more often than girls. These results replicate previous
evidence of sex differences while solving these problems. In
addition, a sex difference, favoring boys, was found on the CEFT.
CEFT scores were also predictive of performance on the experimental
problems
.
Within the training condition (N=56) , children were
given
training problems which were structurally equivalent
to the
vi
experimental tasks but were more suggestive with regard to using
measurement. Strategy choice on the training problems transferee! to
the experimental problems among younger subjects (i.e., less than 96
mos
. ) but not older subjects . An interaction was found between age
and condition, indicating that younger subjects in the training
condition performed better than the same age control subjects, whereas
older subjects in this condition performed worse than control subjects
of the same age. No sex differences were evident within the training
condition and the CEFT was no longer predictive of performance on the
tasks.
The ability to devise a spatial strategy appeared to be the
common underlying factor between the CEFT and performance on these
problems. In the training condition it was no longer necessary to
devise a spatial strategy because it had been provided through the
previous training problem.
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CHAPTER I
INTRODUCTION
The purpose of this research was to attempt to replicate findings
from an earlier study, which served as the basis for a Master's
thesis, and to further explore the nature of the sex differences in
performance observed in that research (Goldberger, 1981). This
introduction includes a description of the blasters research and the
pertinent results; followed by a literature review of sex difference
research within potentially relevant domains, that is; activity level,
spatial ability, and contextual effects on problem solving. Each of
these domains will then be discussed in relation to the original
research findings and hypotheses developed attempting to account for
the sex difference.
The Masters Research
Summary of design
My Masters thesis, "Quantitative Problem Solving Strategies and
Incidental Learning in 4 to 9 Year Olds" explored strategy choices of
boys and girls on problems which were ambiguous as to a measurement or
counting strategy. The children were presented with 5 problems. Each
problem consisted of two sets of objects which were to be compared
1
2with regard to quantity (i.e. "Which has more this group, this group
or do they have the same?"). An interactive measurement strategy was
considered to be any strategy which incorporated the size of the
objects in determining the solution, such as stacking or arranging the
objects in order to complete a size comparison. A child using a
counting strategy disregarded the size of the objects and attended
only to the numerical quantity of the respective sets, usually by
overtly counting.
Two of the problems could be solved using either strategy, but a
measurement strategy was more efficent in terms of time and ease of
execution. Two problems required a measurement strategy. These
problems concerned the volume and area of the objects, respectively.
They were conceived such that a numerical comparison would yield an
incorrect solution. Conversely, the final problem required a
numerical solution and a comparison of size would lead to an incorrect
response.
The children were encouraged to manipulate the objects while
attempting to solve the problems. Problem solving behaviors and
verbal responses were monitored by the experimenter. Incomplete as
well as completed strategies were recorded for each problem. The
number of times over all 5 problems that the child used and completed
an optimal strategy and provided a correct final answer was tabulated
for each child. This count was considered to be a measure of
3expertise on solving these types of problems. A minimum expertise
score was 0 (i.e. no combination of optimal strategy and correct final
answer on any of the problems), whereas the maxunum score was 5 (i.e.
optimal strategy and correct final answer on all 5 problems)
. The
number of times the child shifted strategies, over all 5 problems, was
also tabulated. This total strategy use measure had a range from 0,
(i.e. no visible interactive strategies) to 10 (i.e. counting and
measuring on all 5 problems ) . A strategy was considered present on
this measure even if only partially completed.
Major findings
Developmental differences
.
The expertise of these 4 to 9 year
old children was found to be significantly related to age. Expertise
increased with age, the correlation between age and expertise was .504
(p < .001), accounting for about 25% of the variance. Therefore a
developmental trend was evident, in that older children were more
likely to chose the optimal strategy and solve the problems correctly
than younger children.
The original hypothesis in the Masters study was that strategy
shifting behavior would change as knowledge about the problems
increased. Specifically, children at midexpertise levels were expected
to shift strategies more frequently than children at low and high
expertise levels. The reasoning was as follows: Strategy shifting was
4expected to be a behavioral correlate of problem solving uncertainty.
This uncertainty would be minimal for children scoring low on
expertise because they would not yet recognize the ambiguity within
the problem with regard to strategy and therefore choose a familiar
strategy and maintain it. Uncertainty would also be minimal for high
expertise scorers because they would have previously resolved any
strategy ambiguity. Higfr expertise children were expected to choose
the optimal strategy and maintain it. Mid-expertise children were
expected to be in conflict with regard to strategy, recognizing the
ambiguity and attempting to resolve it. A consequence of this
internal uncertainty and attempt at resolution was expected to be
maximal strategy shifting behavior. Therefore a curvilinear
relationship (i.e. an inverted U-shape) was expected between expertise
and total strategy use.
In fact, expertise was found to be a significant predictor of
total strategy use, the quadratic component accounting for 13.837o of
the variance (p < .001), after the variance attributable to the linear
component had been eliminated. The hypothesis that children at mid-
expertise levels tended to use both strategies more frequently than
high or low expertise children was supported.
Sex differences . Sex as well as age was found to be a
significant predictor of expertise. In general, a disproportionate
number of males were found at the higher end of the scale, while more
5females constituted the lower end of the scale. Sex accounted for
15.31% of the variance on the expertise measure (p <.001).
Several possible explanations for this discrepancy between male
and female performance on expertise were further explored. Because
either a counting or measurement strategy could result in a correct
solution on two of the problems, it was hypothesized that the
difference may have been due to girls tending to choose a counting
strategy on problems where an option was present. When the males and
females were compared, eliminating performance on the two dual
strategy problems, the result was still highly significant (p<.001).
So the difference appeared not to be due to performance on any one
particular problem or type of problem but to a greater tendency among
males to choose the optimal strategy on each of the problems. It is
worth noting, however, that the optimal strategy on 4 of the 5
problems was a spatial or measurement strategy, and that little
variability existed, particularly among the older children, on the
problem which had required a counting strategy. About 16% of the boys
and 28% of the girls did not count and/or provide a correct final
answer on this problem, and 75% of the children who erred were under 6
years old.
Total strategy use, the strategy shifting measure, was found to
be related to sex and expertise. Males tended to use both strategies
on problems more than females. The sex difference in total strategy
6use was significant (p < .005). Males in general, used more
interactive strategies than females. This factor alone would have
increased the probability of selecting the optimal strategy and may
have indirectly resulted in a higher expertise score. In fact the
correlation between expertise and total strategy use was
significant (p<.001), accounting for about 20% of the variance.
Why did boys and girls differ?
The differences between these 4 to 9 year old males and females
may have been primarily due to the strong spatial emphasis of the
problems. The problems may tap into spatial talents at which boys tend
to excel at an earlier age than previously supposed. Although it is
generally accepted that boys outperform girls on spatial tasks after
puberty, earlier differences are not consistently found ( Maccoby &
Jacklin, 1974; Sherman, 1978; Harris, 1978; Burstein et.al.
, 1980).
Early onset of sexual differences in spatial ability may account for
the discrepancy in expertise scores.
The increased strategy shifting by boys suggests an alternative
theory. Boys were more inclined to interact with the objects and
experiment with discovered strategy options than girls. Increased
experimentation would have increased the probability of discovering
the optimal strategy and concluding the correct final answer.
Increased strategy use may have indirectly increased expertise scores.
7In fact increased activity in boys may be related to increases in
spatial ability, in that more widespread exploration of the physical
environment results in increased knowledge of the spatial aspects of
that environment. These combined factors may indicate a fundamental
difference between boys and girls and how they tend to approach
problems of this type. Girls may be very conservative and
contemplative in their strategy choice only trying an alternative
strategy when the evidence overwhelmingly indicates an error. Hie
prevalence of non-interactive, perceptual strategies was much greater
for girls, suggesting that they may not be inclined to experiment with
the objects as much as the boys. Reliance on a perceptual strategy
diminishes environmental feedback which further diminishes the
possibility of discovering a strategy error. In some sense, the
concepts (i.e. area or volume as opposed to number) must be present to
detect an error when a perceptual strategy is used. It is only when
an error in reasoning is recognized that girls begin to experiment
with strategy, ceasing to experiment when the error has been resolved.
Conversely, boys may enjoy interacting with the objects,
particularly in trying to solve spatial problems. As a result, they
may tend to try any strategy which occurs to them. While executing a
strategy, more strategy options become evident and are tried. A
better strategy may result in a better solution and therefore a better
answer. Whereas the boys may not fully understand why one strategy is
8better than another; they may have a strong sense of what is not
right, and therefore through additional interactions reach a correct
conclusion.
In summary, a fundamental motivational difference may have
existed between boys and girls in solving these types of problems.
Boys enjoyed interacting with the objects, experimenting with
strategies and finding inconsistencies. Girls, on the other hand,
prefered to minimize their interactions with the objects, opting for
an alternative strategy only when a mental conflict existed as to a
correct choice.
The hypothesis is consistent with the behavioral differences
evident between boys and girls during the course of executing the
study. Motivation did appear to be a real difference. The boys were
more interactive with the objects and relatively more excited over
discovered inconsistencies between size and number. Although there
was not a significant difference between boys and girls in number of
correct answers, boys were more certain of their responses and used
more spatial strategies. This resulted in more complete explanations
by boys as to why their answer must be correct.
If the motivation to be interactive with the objects is central
to the apparent sex difference in expertise, than an experimental
manipulation which increases that motivation in girls should diminish
the sex difference. There are at least two ways in which the
9motivation to interact with the objects could be increased.
Traditionally, candy and incentives have been utilized for this
general purpose. In this case using concrete reinforcers or incentives
does not appear to be a promising approach. During the course of the
previous study children had been encouraged to interact with the
objects through verbal direction (e.g. "Move the objects anyway you
like."), and praise after successfully completing an interactive
strategy. The higher incidence of perceptual strategy use among girls
indicates that this verbal encouragement was not completely successful
in inducing active strategies. While substituting more concrete
inducements, such as candy or money, might increase the determination
to solve a problem, they would not be expected to increase interactive
strategy choices.
A more direct approach would be to predispose the subjects toward
a particular interactive strategy. Problems could be designed such
that contextual cues would suggest an interactive strategy. Use of
the strategy in the contextually rich situation may transfer to its
use in a similarly structured but more abstract problem situation. In
other words, the subjects may be taught to use a particular strategy
technique through a prior example problem.
This approach is analogous to one used by Piaget (1965) in his
experiments on provoked correspondence. He found that children who
were too young to spontaneously utilize one-to-one correspondence
10
while problem solving, would do so when a concrete complementary
relationship existed between the objects.
For example, 4 year olds who usually had difficulty devising a
strategy for comparing set sizes of unrelated objects could solve
quantitative problems between egg cups and eggs, or vases and flowers
by pairing the related objects. The relationship between the objects
provoked an effective problem solving strategy which was not elicited
within the more abstract problem setting.
It is being proposed that Piaget's basic idea of provoking
problem solving strategies through the relationship between objects be
extended to more complex types of problems which require strategies
other than one-to-one correspondence. The assumption is that this
technique will be equally effective with older children while solving
measurement problems, and that strategy choice within the provoked
condition will transfer to a similarly structured but more abstract
problem.
11
A Selective Review and Critique
This section will review pertinent research on sex differences in
activity level or play behavior, differences in spatial ability and
differences with regard to contextual effects on problem solving. Two
types of effects of context on problem-solving will be explored; the
effect of prior problem experiences and of the physical setting. Prior
experience effects on strategy have been tested by designing
experiments in which the subject is required to shift strategies in
order to solve. This ability to "break set" has been found to be
easier for males. Studies of the effect of the physical setting on
problem solving or "field dependence" have found that females tend to
be more susceptible to environmental context in solving. Although
there exists a plethora of research on field dependence, it remains
unclear as to when sex differences begin to emerge and whether the
tasks measure anything other than spatial ability.
It will become evident that all four areas of concern; increased
activity, spatial ability, the ability to break set,
and
susceptibility to context, are potentially related factors. The
fact
that boys may excel in one area may predispose them toward
improvement
in another. As previously suggested increased
activity and
exploration may lead to an improved understanding
of spatial
relationships which helps the child to disregard irrelevant
spatial
12
and temporal cues. This postion was first posited by Tanner and
Inhelder (1958), and then by Maccoby ( 1966 ) . It has more recently
been revived by Sherman (1978) and Harris (1978). The complex
interrelationships between factors on sex difference research supports
such an argument. This literature review will emphasize child oriented
studies which explore the interrelationships between activity, spatial
ability and field independence; and how these interrelationships might
relate to apparent sex differences in cognitive functioning.
Differences in activity
Tanner and Inhelder (1958) suggested that boys were more adept at
the formation and representation of the transformations of geometric
solids than girls because the mental image was an interiorization of
exploration of the environment. Increased activity in boys
facilitated exploration and therefore mental imagery of spatial
phenomenon. A similar hypothesis of a relationship between increased
activity levels and improved spatial ability was presented by Maccoby
(1966) in her earlier work on sex difference research.
Maccoby and Jacklin (1974) conclude in their later work, however,
that the evidence regarding sex differences in activity level is
inconclusive. This conclusion was based on 18 studies, which used
children between the ages of 4 and 9 years of age. Eight of the
studies found boys to be significantly more active than girls, and the
13
remaining ten found no significant differences. Those studies which
found boys to be more active included measurement of free play
movement, environmental exploration, vigor at crank turning, and used
teacher and child ratings of activity level.
A critique of the Maccoby and Jacklin book by Block (1976) points
out that the evidence that boys are more active than girls is much
stronger than suggested. He included studies which were omitted by
Maccoby and Jacklin which further supported increased activity in
boys.
More recent studies support the contention that the manner of
play and exploration differs among girls and boys. A review by Harris
(1978) cites numerous studies which indicate that 1 year old boys
maintain less proximity to their mothers than girls, and that
preschool boys are more restless, physically active, and more likely
to seek large areas for exploration and play than girls. DiPietro
(1981) found that 4 year old boys engaged in more wrestling and
assaulting-an-object play, whereas girls were more verbal and seemed
to avoid physical contact.
Hutt (1970) introduced 3 and 4 year old boys and girls to a novel
toy box. A lever mounted on top of the box could be moved in
different directions, causing a buzzer to sound, a bell to ring or
lights to go on. Each child was allowed five 10-minute periods in the
room which contained other commercial toys. More girls than
boys
14
failed to investigate the box and boys used the box in unconventional
ways four times more frequently than girls.
In conclusion it would appear that there is substantial support
for increased activity in boys at a young age. It remains unclear
whether this increased activity leads to increased spatial
understanding and an increased propensity to explore unconventional
methods of interaction. In theory the position appears reasonable and
could explain cognitive sex differences in many areas.
Spatial ability
Whether or not sex differences in spatial ability exist before
puberty is the subject of intense debate. There is considerable
evidence that adult males tend to outperform adult females on a
variety of spatial tasks ( Harris, 1978; Burstein et.al., 1980;
Anastasi, 1981; Sherman, 1978; Maccoby and Jacklin, 1974). The
presence of earlier differences, however, would have profound
implications with regard to specific theories as to why differences
occur. The later onset of spatial sex differences would emphasize a
hormonal argument in determining the difference; whereas earlier
differences would imply a more general genetic etiology.
Early onset of spatial sex differences would also support the
environmentally related process theory proposed earlier. If activity
level indirectly affects spatial ability as previously suggested, and
15
sex differences in activity level are evident as young as 1 to 4 years
of age; than the onset of spatial differences should occur before
puberty. An eight to ten year delay before spatial differences occur
would clearly implicate other processes besides just activity level.
Problems in finding early sex differences . There are three
possible explanations as to why early sex differences in spatial
ability have not been consistently found. The first explanation is
obvious in that the theory may be wrong and early differences simply
don't exist. This seems unlikely, however, in view of the fact that
studies which do find a difference usually find boys outperforming
girls (Block, 1976). The second explanation, as alluded to earlier,
is that multiple factors may contribute to the eventual difference,
activity level only a minor determinant in a complex array of
interacting factors. The third explanation is that the early sex
differences in spatial ability do exist but the problems of
measurement, both with regard to the tasks and the nature of the
population, have made the detection of these differences difficult.
Measuring spatial ability in young children presents interesting
problems. Using a simplified version of an adult test calls into
question whether the nature of the test is the same for the two
populations, even though the structure of the tests may be identical
(Anastasi, 1981). Spatial visualization may be the critical factor in
determining performance for an adult; another factor, such as memory
16
or interpreting a graphic array may be the primary determinant of a
child's performance. For example, adult subjects when asked to count
how many of the printed capital letters have curved segments, may rely
on spatial iniagery to solve (Coltheart et.al., 1975); on the other
hand, remembering the alphabet may be hypothesized as the principle
challenge for children.
In addition, it is reasonable to expect increased variability
within a younger sample due to miscellaneous factors (e.g.
distraction, discomfort, relative task difficulty etc.) (Gelman,
1978). Increased variability due to extraneous factors increases the
margin of error, thereby decreasing the precision of the measurement
and the likelihood of finding a significant result even though the
relationship in question may be present in the sample.
A third problem which is evident in the developmental literature
is the unknown effects of training. Since training is usually done
through repeated trial presentations and experimenter controlled
reinforcement, it is seldom clear whether the intervention has
succeeded in eliminating a difference or whether the child has simply
learned to respond a particular way to an isolated circumstance (See
Siegel, 1974; Baronet, al., 1975; Flavell et. al., 1978). This
problem would be remedied if tests of transfer were devised and
administered, but unfortunately this is seldom done.
Each of these problems is evident throughout the available
17
research on early sex differences in spatial ability. For these
reasons much of the work is of questionable value. Nevertheless,
approximately 40 years of research has been conducted, and while the
majority of the studies within this body find no significant sex
difference in early spatial ability; the studies which do find a
difference tend to find boys outperforming girls ( Oetzel, 1966;
Maccoby and Jacklin, 1974; Block, 1976).
Studies addressing sex differences. Tests of spatial ability are
diverse. They include studies on; mental rotation, size constancy,
shape discrimination, mapping, spatial localization, puzzles, mazes,
visual closure, reversals, illusions and many more (Maccoby &
Jacklin, 1974; Vandenberg & Kuse,1979) . These varied tests usually
manifest an analytical component as well as a spatial factor, and it
is not readily apparent that either of these factors is comparable
across tests. Consequently, a review of findings from these varied
studies would be onerous, confusing and not very fruitful. Therefore,
the focus of this literature review will be limited to a few studies
on spatial ability in which the procedures are oriented toward young
children and which have become somewhat standardized. In addition
the following studies concern areas of early sex differences and in
some cases a relationship between performance on the task and
sensitivity to contextual influences (i.e., field dependence) have
been established.
18
Keogh and Ryan (1971) and Keogh (1971) found significant sex
differences in pattern walking. Keogh and Ryan tested 44 seven year
old children on the ability to produce a pattern depicted on a card.
Whereas no sex difference was found in pattern drawing, boys were
significantly better at pattern walking. Pattern drawing was not
found to be correlated with other spatial tests but pattern walking
correlated positively with performance on the rod and frame test and
the children's embedded figures test, accounting for 1870 and 137o of
the respective variances (p <.01).
A modified replication of the study ( Keogh, 1971), using 135
eight and nine year olds, found similar results. Three pattern
walking conditions were present, walking on a large unmarked floor, on
a smaller mat and in sand. Boys improved with increased spatial cues
(i.e., floor < mat < sand) whereas girls did not, suggesting that boys
may be more adept at utilizing a spatial referent while problem
solving.
Fishbein et. al. (1972) presented 128 five and seven year olds
with spatial orientation tasks. The child had to point to a picture
depicting the experimenter's perspective while standing at one of the
3 sides of the table. The authors varied the number of toys in the
array (1-3) and the number of depicted alternatives (4-8) and found
that boys performed better than girls (p < .05) . The authors did
not
test for a correlation with field independent measures.
19
Most of the studies on perspective taking in children do not
report or consider sex differences (Flavell et. al., 1978;
Gelman,1978). Many of these studies, however, are not free of the
problems which were previously outlined. Specifically, they are
sometimes insensitive to the effects of reinforcement on learning;
that is, assuming a concept was present simply because the behavior
had changed (Flavell et. al., 1978). These studies have also been
criticized for not considering the special problems of comnunication
which must be overcome when working with young children (Gelman,
1978).
Herman et.al. (1982) tested 120 kindergarten and 3rd graders on
their ability to reproduce the layout of a miniature town consisting
of 7 buildings. The children either walked, stood at the periphery or
rode a wagon through the town as E pointed out and labeled the
buildings. The buildings were covertly removed and the child asked to
reconstruct the town. Third graders did better than kindergarteners
in the stand and ride conditions, but not in the walk condition. No
sex differences were found and no cross correlations were provided.
It is not clear whether the above procedure requires a
spatial /imagery or spatial /analytical ability. That would seem to
depend on whether the children developed a heuristic for encoding and
retrieving the necessary information. Herman's study does not
indicate whether the children devised such a strategy. The study is
20
included in this review because the procedure is appropriate for young
children and systematic variations of it could lead to a better
understanding of spatial ability in young children. The results also
provide indirect evidence that interactive behaviors may be
particularly beneficial to younger children in solving spatial tasks.
Harris (1978) reports an unpublished study ( A. Anderson,
Michigan State University, 1975) in which 1st through 6th graders were
asked to pick one of four drawings which correctly represented the
water level of a tilted container set on a table. The boys performed
better than girls at every age. The difference was not significant,
however, until the 4th grade. This result is consistent with reported
findings with older subjects, from 6th graders (Harris, 1978) to
adults (Geringer and Hyde, 1976; Thomas and Jamison, 1981). Women
perform dramatically worse than men on this task, it has been
estimated that 50% of college women do not know the principle that the
water level must remain horizontal to the table (Harris, 1978).
According to Piaget and Inhelder (1967) the water level task
would not be expected to be mastered until around 9 years of age.
Understanding the principle of horizonal invariance is considered to
represent a milestone in the child's analytical thinking.
Geiringer & Hyde (1976) argue, however, that the task is
primarily spatial and the apparent sex differences in adults is due to
increased spatial ability in males. In fact the correlation between
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performance on the PMA spatial relations test and water level
performance appears to be high among 12th graders,
.83 for males and
.97 for females (Geringer & Hyde, 1976). The authors also suggest a
relationship between performance on the water level task and measures
of field independence.
Summary. Three problems occur repeatedly in the developmental
literature; 1) modified versions of adult tests are assumed to measure
the same factor in children (Anastasi, 1981), 2) lack of sensitivity
to the problems of studying children and lack of precision in
measurement increase the probability of not finding a significant
result even though one may be present within the population (Gelman,
1978), and 3) training with reinforcement frequently leads to
invalidated assumptions concerning underlying mechanisms (Baron
et.al., 1975). The question of early differences in spatial ability
must be answered before theories of causal mechanisms can be
effectively developed and addressed. This is not possible until the
described experimental problems are remedied in a consistent and
sophisticated manner.
While there is substantial evidence that sex differences in
spatial ability exist in the adult population, the data with regard to
children remains inconclusive, in part, because of the previously
mentioned problems. Studies which find a difference tend to find boys
outperforming girls, but the majority of the studies don't find a
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difference. Spatial ability as measured in these studies is
frequently related to field independence, suggesting that performance
on selected spatial tasks is related to the ability to ignore
irrelevant contextual cues. A subsequent section on field
independence will substantiate the existence of adult sex differences
in field independence, but the evidence among children is also
inconclusive.
Context
There are two types of context affects which are of concern. The
first is the temporal context and the second, environmental context.
By temporal context I mean the effect of prior experiences on
determining strategy. Studies of rigidity, or the inability to break
set are pertinent here. By environmental context I mean the effect
the problem solving setting has on strategy. Studies of field
dependence will be included here. Both types of context effects have
been implicated as a source of sex differences in problem solving.
Rigidity . The literature on einstellung , rigidity or the
inability to break set is relatively old. This topic was of interest
to the Gestalt School of Psychology in their work on creative
problem
solving. A classic task from this school was the two-cord
problem.
Subjects were asked to join two cords which hung from the ceiling.
The cords were further apart than the arm span of the
subject. The
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solution was to tie a hammer or other heavy object on the end of
of the cords, thereby constructing a pendulum. The upswing of the
pendulum would be within the subject's reach while holding the other
cord. Use of an object (e.g., the hammer) in an unconventional manner
indicated a lack of rigidity in problem solving (Mayer, 1977 )
.
Superior male performance on tasks of this type have frequently been
reported. Positive correlations have been found between the embedded
figures test, the two-cord problem, and others (Maccoby and Jacklin,
1974)
.
Rigidity was further explored with the Luchin's water jar
problem. Subjects were asked to provide a particular number of units
of water by using containers of set dimensions (e.g. to make 8 cups
using a 5- and 2- cup container)
. Subjects would be given a series
of problems on which the same pattern of responses would be required,
and then given a problem on which either the more complex solution or
a simpler strategy could be applied. Finally the subjects would be
given a problem which required the simpler strategy. Boys have tended
to do better than girls on these final problems (Maccoby and Jacklin,
1974). Cunningham (1965) found no differences between boys and girls,
aged 7 to 12 years, in susceptibility to set, e.g., in maintaining the
more complex solution when either was appropriate; but did find boys
more likely to break with the set solution on the problem requiring a
simpler solution.
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It would appear that male superiority in the ability to break set
is confined to tasks of a spatial nature. No sex difference has been
found on the Stroop color-word test (Stroop, 1935) which does not
appear to correlate with spatial and field dependent tests (Phillips,
1959). Cunningham (1965) found no significant sex difference among
preadolescent children in the ability to break set on an alphabet maze
problem, which demanded analytical-verbal rather than analytical-
spatial abilities. Sweeney (1953) found college age males superior on
matchstick type problems, Luchins water jar problems, and two-cord
type problems but found no difference in verbal trick problems which
required set breaking. A replication by Nakamura (1958) supports the
contention that the ability to break set alone is not the basis of the
obtained sex differences, a spatial component to the task also appears
to be necessary.
Interest in this topic has diminished during the past two
decades, so there is no recent evidence which further delineates the
nature of the previously obtained sex differences in rigidity.
Field dependence. Field dependence is considered to be a measure
of susceptibility to environmental cues in problem solving. Increased
susceptibility has been interpreted as decreased ability to analyze
the components of the problem situation and sort out the relevant from
the irrelevant aspects.
Sex differences in field independence, favoring adult males, have
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been consistently reported. The literature on field independence is
abundant and has evolved over the last 20 years from a strident
position on the intellectual superiority of field independents to a
more conciliatory position, that there are advantages to each
personality type (Witkin et. al., 1977). The remarkable aspect of all
this research, however, is how little is still known about the
significance of this finding. It is not clear that performance on
tasks which measure field independence directly translates into
general analytical reasoning ability, as originally presumed (Witkin
et.al., 1977) or whether the tasks measure anything beyond spatial
visualization (Sherman, 1978; Burstein et.al., 1980). The only
clearly reliable finding seems to be that adult males tend to
outperform adult females on tasks which measure field dependence
(i.e., are more field independent).
Adult tests
. One of the original measures of field independence
was the rod and frame test (RFT) . The subject was placed in a
darkened room with a tilted frame placed within his visual field. The
subject was asked to position a moveable rod, which was visable within
the frame, to the true upright position. Deviation from the true
vertical was measured, increased deviation indicated increased
susceptibility to the influences of the frame on solving the problem.
Adult females, in general, are less accurate in obtaining the true
vertical (Harris, 1978; Witkin et. al,, 1977; Maccoby & Jacklin, 1974;
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Anastasi, 1981).
The embedded figures test (EFT) was devised as another measure of
field independence. The subject is asked to find a simple figure
within a more complex drawing. Goldstein and Blackman (1978) reviewed
16 reports comparing the relationship between versions of the EFT and
versions of the RFT and found most of the correlations significant,
generally in the range of .30 to .65. Adult males tend to outperform
adult females on the EFT (Coates, 1978; Witkin et.al., 1977; Kagen &
Kogan, 1970; Sherman, 1967).
Although there is indirect evidence that a relationship exists
between field independence and analytical ability, in that field
independents tend to chose more analytical professions such as
drafting, engineering, and the sciences, than field dependents
(Witkin et.al., 1977); it is not clear that the inclination is not a
byproduct of superior spatial ability. The correlation between
performance on the EFT and a variety of spatial tests is high. In
addition to the previously mentioned significant correlations between
field independent measures and performance on the water level
(Geringer & Hyde, 1976) and pattern walking tasks ( Keogh & Ryan,
1971), the tests have been found to correlate with Raven's Matrices,
the WPPSI geometric design and block design subtests (Coates, 1978);
and the Gottschaldt Figures Test and FMA Space Test (Sherman, 1962 ).
According to Burstein et. al.(1980), field independence, which was
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once thought to measure global analytical abilities, has more recently
been interpreted as a measure of spatial abilities.
Children's tests. The Rod and Frame Test (RFT) has been
criticized as being biased against women because of the necessity of
entering a darkened room, which may be intimidating for women when in
the presence of a male experimenter (Sherman, 1967). The same
criticism applies with children, this may be one reason that the RFT
is no longer the prefered method of testing field independence in
children. Earlier studies, however, did tend to find boys
outperforming girls on the RFT. Of the seven studies, reviewed by
Maccoby and Jacklin (1974), which used the RFT with children between
the ages of 7 and 17 years, five of the studies found boys to be more
field independent than girls.
The CEFT was designed as an alternative to the RFT to be used
with 5 to 12 year olds. The test is patterned after the EFT with
concessions such as initial training and practice, wooden cut-outs,
and no time limit, added to accomodate children. Subjects are given
items on which either a house or tent is embedded within a drawing.
An example test item from the house series is presented in Figure 1,
the house must be found within the drawing of the rocking horse.
The correlation between the EFT and CEFT is relatively high for
older children but decreases as the children become younger. The
validity coefficents for 9 to 10 year old boys and girls are .70 and
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Fig. 1. Example problem from the Children's Embedded
Figures Test (Consulting Psychologists Press, Inc. 1971).
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.73, respectively; for 11 to 12 year old boys and girls
.86 and
.83,
respectively. The retest reliability is less for 9 year olds and may
contribute to the lower validity coefficent (.75 as compared to .90
with 11 year olds) (Witkin et.al., 1971). The manual does not include
validity or reliability coefficents for younger children, due to a
floor effect. The possibility exists that the CEFT presents a
different type of challenge to the young child than the EFT does to
the adult.
With regard to sex differences on the CEFT, findings are
inconsistent but differences usually do not appear. Taylor (1977),
Bowd (1976) and Bigelow (1971) failed to find sex differences in three
different studies with children between 5- and 10- years of age.
Schratz (1978) found among 3rd, 4th, 5th and 9th graders, that white
boys performed better than white girls and hispanic girls outperformed
hispanic boys. Fagot and Littman (1976) found that 6 year old boys
did better on the CEFT than the girls. Coates (1978), using a version
of the EFT that was modified for preschoolers, found that girls tended
to be more field independent than boys until around age 6 when the
differences began to reverse.
The CEFT was standardized with 160 children between the ages of 5
and 12. It is not clear from the manual whether efforts were made to
eliminate sex differences when designing the test. Sex differences
were not found within the standard sample (Witkin et.al., 1971). As
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Anastasi (1981) points out, many tests have been designed to attempt
to eliminate differences between populations, yet experimenters
continue to use these tests to determine whether a difference exists.
In summary, the CEFT has become a popular test in assessing
spatial and analytical ability in children. Several questions arise
concerning the nature of the test; 1) whether different factors are
involved in determining a younger child's performance, 2) whether the
test measures analytical ability, spatial ability, both or neither,
and 3) whether the test is unbiased in examining early sex
differences. Further exploration of the CEFT and what it measures
appears to be warranted.
Conclusions
The literature suggests a potential combination of interacting
factors which contribute to performance on selected tests.
Specifically, high activity level in young children has been theorized
to contribute to an increased spatial awareness within the
environment, and spatial ability as measured by pattern walking and
the water level task appears to be related to the ability to ignore
irrelevant contextual cues as measured on the RFT and CEFT. Although
the relationship between these factors, as they are presented in the
literature, may appear complex; theoretically the combination seems
sensible in view of what these studies measure and how learning may
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occur.
Certainly increased activity as insured by more widespread
exploration of the physical environment, whether finding innovative
ways to manipulate an object or wandering further from the mother;
would be expected to result in increased knowledge about that
particular environment. Hie environment in both cases consists of
spatial components. The form of the toys being manipulated as well as
the layout of the room are spatial contexts. In other words, the
child is learning about the arrangement of objects in space and how
these objects relate to each other.
This is exactly the type of knowledge which is required on the
pattern walking, perspective taking and to a lesser degree the water-
level tasks. Since these problems involve a spatial context and how
specific objects relate to other objects within that context (e.g.,
lines of a shape, objects in an array, and water-level in relation to
the table), increased general knowledge of the relationships of
objects in space would certainly be considered an advantage.
In addition to general spatial awareness, the child must be able
to devise a strategy in order to solve these problems. In particular,
a frame of reference or starting point must be determined in order to
follow through with an effective strategy. The results of the varied
condition effects on the pattern walking task suggest that finding a
frame of reference was a particularly difficult aspect of the task for
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girls, as evidenced by the lack of improved performance with increased
spatial cues. Similarly, finding a spatial referent appears to be a
major source of difficulty in the perspective-taking task (Flavell
et.al.,1978). If the nature of the difficulty is, in fact, the
inability to find a spatial referent or use of the incorrect referent,
as with the orientation of the tilted container in the water-level
task, than the nature of these problems is similar to the requirements
on field independence tasks.
The RFT requires that the true gravitational vertical be used to
orient the rod, rather than the tilted frame. This is obviously a
task which requires the use of the correct spatial referent.
This aspect of the embedded figures test is less obvious than
with the RFT but becomes apparent when observing individuals trying to
solve a series of EFT problems. The optimal strategy appears to
involve selecting a distinctive aspect of the shape which must be
found within the test drawing (e.g., an acute angle, curved segment
etc.), and searching for that component within the embedded picture
(see Figure 1). If the selected component within the standard is
either too simple (e.g., a line segment) or too complex, difficulties
while solving begin to occur. Tnis is not to say, however, that the
only source of error on this test is the use of an inadequate spatial
referent. unlike the RFT, the EFT is complex, involving memory,
flexibility and other processes. The ability to find and employ a
34
distinctive spatial referent would appear to be a necessary but not
sufficent aspect of solving the EFT.
The relations between activity, spatial ability and field
independence, as they have been defined within this literature review,
does not appear to be unreasonable. The ability to select and use a
spatial referent when in the presence of distracting contextual
information (i.e., field independence) may be related to the ability
to devise a spatial strategy on perspective-taking and pattern walking
tasks. These abilities may also be related to the general knowledge
concerning the arrangement of objects in space which is enhanced
through increased physical exploration of the environment.
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.Statement of the Problem
There are essentially 3 sets of cpestions Ouch were addressed in
this study. The first was whether the results of the previous Masters
research could be replicated. The second was whether prior experience
with contextually rich problems, which suggest the optimal strategy,
would have an affect on strategy choice and whether that effect would
eliminate the difference in performance between males and females. The
third set dealt with how the problems *ould relate to other types of
problems, specifically the Children's Bnbedded Figures Test.
Replicati cm
Examination of the first set of questions would be
straightforward. If the sex differences in expertise and total
strategy use were replicated, the original findings would be supported;
that is boys tend to perform better on these types of problems and
exhibit more strategies while solving. Furthermore, a curvilinear
relationship between expertise and total strategy use would confirm a
decrease in strategy use with the resolution of internal conflicts
concerning the problems.
Analog condition effects
The second set of questions dealt with the nature of the
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previously obtained sex differences. As had teen suggested above,
there may be a number of sources or combination of factors which
contribute to these differences. The analog condition in which the
contextually rich problems were introduced, was expected to influence
these factors. In this condition the children were given an analog
problem before each of the experimental problems. The analog problems
suggested an interactive strategy and were contextually rich with cues
as to what that strategy should be. Four factors were explored within
this condition; sex differences in activity level, contextual
susceptibility, rigidity, and spatial ability.
First, the sex difference may be due to motivational factors, in
that girls tend to be more passive and less physically interactive
while solving the problems than boys. In this case the sex difference
in total strategy use, favoring males, should be evident in the control
but not in the analog condition where hints regarding strategy use were
expected to transfer to performance on the experimental problems and
the motivation to be interactive relatively high. If this result is
paired with an elimination of the sex difference in expertise in the
analog condition, the hypothesis of increased male activity leading to
higher expertise scores would be supported.
A second factor may be contextual influences, in that females are
more suceptible to concrete considerations while problem solving and
less likely to devise original strategies based solely on the
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abstracted aspects of the problem. Susceptibility to contextual
influences would be suggested if females do better or as well as males
on the training problems, that is, the problems which were contextually
rich as to appropriate strategy choice.
A third factor may be rigidity, in that females are less likely
to shift to a new or original strategy when a previous strategy had
been proven to be successful. Evidence of increased negative transfer
among girls against a measurement strategy on one of the problems,
where measurement would not work, would indicate increased rigidity
among girls.
The fourth and final factor may be that females tend to be less
spatially adept than males. Spatial ability would be implicated as a
source of difference if it is predictive of expertise in the control
but not analog condition, and this finding occurred in conjunction with
an increase in female performance in the analog condition. Also,
evidence of a sex difference on the spatial measure itself combined
with significant predictive capability on the expertise measure within
the control condition, would further support the contention that
spatial ability was a factor in determining these sex differences.
Of course it is possible that more than one factor could be
implicated. For example, if activity level and spatial ability appear
to be factors, a relationship between the two may exist as suggested
earlier, that is, increased activity results in a better spatial
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understanding of the environment.
Comparison of tests
Although it is generally accepted that the CEFT is a test of
spatial ability in children, more information regarding the nature of
the CEFT and what it actually measures would be helpful. A comparison
between CEFT performance and expertise should help to delineate some
factors of importance on the CEFT. If a relationship between
performance on the experimental problems and the CEFT is established,
the test must be measuring a factor which is common between the two
tests.
A high correlation between the CEFT and expertise in the control
condition coupled with a low correlation within the analog condition
would suggest a strong spatial component to the CEFT. The analog
condition effectively eliminates the need to devise a spatial strategy
on the experimental problems. A low correlation within the analog but
not the control condition would indicate that the CEFT had been
eliminated as a determining factor of performance within the analog
condition. This result would suggest that the change in the
predictability of the CEFT was due to the change within the condition (
i.e., no need to devise a spatial strategy). Therefore, the ability to
devise a spatial strategy, would be implicated as an important
determinant of performance on both the CEFT and the experimental
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problems
.
In addition, if a sex difference is fomd on perforrance on the
CEFT, than the test vrculd appear not to have been designed to eliminate
sex differences. Although this ray have been an intention cteing the
standardization of the test, evidence of a sex difference «ould confixm
that the CEFT is capable of detecting a sex difference.
CHAPTER II
METHOD
Materials
The furniture necessary for the study was a table, two chairs and
a bookshelf to hold the trays for each problem. Recording equipment
included data sheets (see Appendix)
, a tape recorder and cassette
tapes.
The objects for each of the problems were placed on individual
cookie sheet trays (17 in. X 11 in. X 1 in.) and covered with plastic
lids. The bottom of each tray was covered with white posterboard to
provide a uniform white background for all the objects.
There were 4 types of problems; 1 warm-up problem, 4 experimental
problems, 4 training problems, and 4 control problems. The set-up of
the materials for the experimental and training problems are
illustrated in Figures 2 and 3, respectively. The materials that were
used for each problem are further specified below.
The warm-up problem (farm problem)
The warm-up materials consisted of farm animals and fence toys
manufactured by Fisher-Price. Five pieces of fence, a watering trough,
a dog, pig, cow, horse, chicken and rooster constituted the set.
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Fig. 2. Illustrations of the materials used on each of
the
experimental problems, as arranged prior to testing.
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Fig. 3. Illustrations of the materials used on each of the
training problems, as arranged prior to testing.
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The experimental problems
Ping-pong ball problem. The objects for this problem consisted of
a bowl containing 9 ping pong balls and a metal paint tray with 10
individual dips for paint. The ping-pong balls were 3.5 cm. in
diameter. the paint tray was circular, 18.5 cm. in diameter, with 10
circular dips, equally spaced around the periphery. Each dip was
approximately 3.7 cm. in diameter and .8 cm. deep.
Pegboard problem. The objects for this problem consisted of a
pegboard with 8 pegs prearranged to form a square, and a piece of
poster-board with 8 holes cut out in the same square arrangement. The
8 pegs were red and circular and pre-arranged to form the four corner
points and four midline points on the perimeter of a square. Tne pegs
were
.9 cm. in diameter, and the distance between two adjacent pegs was
approximately 1.7 cm., resulting in a square approximately 6 cm. X 6
cm. The posterboard card (13 cm. X 13 cm.) was white with 8 circular
holes cut out of it. The holes corresponded to the same 8 points
formed by the pegs, but were wider than the pegs (approximately 1.5 cm.
in diameter), and the distance between adjacent holes was about 1 cm.
Each of the holes on the posterboard was circular.
Pie problem. The objects for this problem consisted of 5 red
pieces of posterboard and 5 blue pieces of posterboard, cut to
represent pieces of pie. Each piece of pie was wedge-shaped, straight
on two sides and curved on the third. The length of the straight sides
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(radius of the completely formed pie) was equal for all the pie pieces,
6.2 cm., but the angle at which these lines met was variable, therefore
the length of the curved side and area of each pie piece was variable,
The angles for each of the five blue pieces was, 14* ,47° ,63°
,
108°
,and 128°
;
thus all the pieces were able to form one whole pie of
360°
.
The angles for each of the five red pieces were 32°, 35°, 68°
,115
,
and 145°
; four of the pieces were able to form a complete pie
of 360° with a remaining piece of 35°
.
Sand container problem. The objects for this problem consisted of
8 clear, stackable, plastic food containers with removable tops. All
the containers were equal width (12 cm.) and depth (7 cm. ) but two
were tall (22 cm.) and six short (5.5 cm.). In other words, if four of
the short containers were to be stacked, they would equal the height of
one of the tall containers.
The training problems
The egg carton problem (analog to pins pong) . The materials
consisted of a blue plastic egg carton, manufactured by Child Guidance
Toys, and 12 plastic eggs. The egg carton had 12 slots for eggs, and
the eggs were in a large plastic bowl.
The bicycle problem (analog to pegboard) . The materials for this
problem consisted of a drawing of a bicycle in which the front wheel
was 16 cm. in diameter and the rear wheel was 8 cm. in diameter. Hie
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bicycle was drawn on white posterboard. Attached to the posterboard,
in the position of the front wheel, was a plastic hexagon, 8 cm. on
each side. Within the perimeter of the hexagon were six sprockets,
cylindrical knobs which stuck out from the surface of the hexagon.
These sprockets were regularly interspersed, forming a circle about 8
cm. in diameter. Each sprocket was approximately 1.5 cm. in diameter
and raised
.8 cm. from the surface of the hexagon. Beside the bicycle
was placed a spare tire, constructed of posterboard. This tire was
circular, 11.5 cm.in diameter, with five holes cut within the
perimeter. The holes were regularly interspersed, forming a circle
about 8 cm. in diameter. Each hole was 2 cm. in diameter, slightly
larger than the diameter of each sprocket.
The puzzle problem (analog to pies)
. This set consisted of two
puzzles, one of a cat and another of a dog. Each of the puzzles had 6
pieces, and were of equal size.
The booklet problem (analog to sand containers)
. This problem
consisted of two sets of address books. One set of 3 books had a
brightly colored design on the cover and each book was about .8 cm.
deep (approximately 58 pages each) . The second set of 4 books had a
uniform brown exterior and each book was about .4 cm. deep (about 25
pages each)
.
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The control problems
Find the penny, ^e mterials for thds problem consisted of the
12 plastioeggs fran the egg and carton problem, and a penny. The
eggs were in a large plastic bowl and the penny was inside one of the
eggs.
Describe the Mfr» ride. The posterboard bicycle with the
hexagonal front *eel, as described in fee bicycle problem, was used
for this problem.
Match the comers
.
One of the assembled puzzles from the Puzzle
problem was used for this problem.
Find the differ bnnv
. ^ 3 hodks^ ^ colored
design, as described in the booklet problem, were used for this
problem. In addition, an address book with a similar cover design but
multicolored rather than parchment pages was inserted into the set.
The Children's Embedded Figures Test (CEFT)
The materials for the CEFT were provided through Consulting
Psychologists Press Inc. Palo Alto, Calif. The test consisted of 28
items in which an outline of a house or tent was hidden within a more
complex drawing (see Figure 1). Wooden cut-outs of the tent and house,
and a pad of coding sheets, were also provided.
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Sub jects
The children were recruited from the Kindergarten, 1st, 2nd, and
3rd grades at McCarthy-Towne Elementary School in Acton, Mass. A
description of the study and a consent form was mailed directly to the
parent. The recruitment techniques and general procedure were approved
by the University of Massachusetts Human Subjects Committee.
One hundred and twelve subjects participated in the study, 56
males and females. Each subject was yoked to another with regard to
age and sex. One of the pair was randomly assigned to the analog
condition, thus receiving the training problems before the experimental
problems; and the other assigned to the control condition, receiving
the control problems prior to the experimental problems. There were 56
children in each condition, 28 males and 28 females.
Procedure
The first problem presented, the farm, was designed as a warm-up
task, and was given to children in both conditions. The child was
asked to set up the farm. The rational behind this procedure was to
accustom the child to manipulating objects on the tray.
Children assigned to the analog condition received the 4 training
problems in a randomly determined sequence. Following those problems,
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the 4 experimental problems were given in the same sequence. For
example, if the egg carton problem were given first; the analogous
experimental problem, in this case the ping-pong problem, was presented
as the first of the experimental problems.
Similarly the yoked counterpart in the control condition had the
same randomly determined sequence of control and experimental problems.
The purpose of the control problems, was to assure that no discrepency
existed between the yoked pair with regard to familiarity with the
experimenter and the problem solving setting. The control problems,
while using some of the materials from the training problems, were of a
completely different type and not expected to directly affect
performance on the experimental problems.
Following the nine problems, every child was given the CEFT,
according to the prescribed testing procedure.
Each child accompanied the female experimenter to a small room,
and sat at the table opposite the experimenter and equipment. The
experimenter explained the function of some of the equipment to
diminish the child's curiosity during the session.
"I'm interested in the things you do and say while we're working
on some problems, so I have these papers to write things down. I also
have a tape recorder to help me remember after we're finished."
The general procedure was then outlined for the child (i.e., "I'll
put one of these trays with a cover in front of you. I'll lift the
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cover and ask you a question about the things on the tray. Use the
things on the tray to try and find the answer. Are you ready?").
The basic question for each of the training and experimental
problems was whether one set of elements had more area, volume, or
number, than another set of elements, or whether they had the same.
Each of the training problems was of the same structure as one of the
experimental problems. Although the similarly structured problem would
invite the same measurement strategy, the answer was different on 3 of
the 4 problem pairs (i.e. The answer was "same" on egg carton but "more
dips" on the corresponding ping-pong problem.). Thus problem solving
strategy rather than the answer must be transfered between most of the
similarly structured problems.
The child's behaviors, answers and their temporal order were
recorded during each training and experimental problem. The coding
sheet grouped behaviors as components of a measurement or counting
strategy. The behavioral components comprising a measurement strategy
were not consistent across problems, so will be described below with
each problem procedure, but the components of the counting strategy
were consistent across problems, and are described once here. A
counting strategy had been broken into 4 components: 1) begin to count
elements in set A; 2) count all elements in set A; 3) begin to count
elements in set B; and 4) count all elements in set B. Children's
counting behavior was evident by touching or pointing to the objects
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sequentially, and counting aloud, or silent counting with lip movement.
If it was not obvious whether the child had counted, the child was
asked how s/he knew the answer. If the child answered a problem
without counting or interacting with the objects to show a measurement
strategy, the behavior was coded as a perceptual judgement strategy.
Experimental problems
Ping-pong problem. The dips on the paint tray and ping-pong balls
in the bowl were pointed out, and the child asked whether there were
more dips or more ping-pong balls or if they were the same. Tne
measurement strategy was broken into three behavioral components: 1)
place a ball in a dip; 2) place all the balls in the dips; and 3)
notice the remaining dip.
Pegboard problem . The pegboard was presented with a side parallel
to the edge of the table, i.e., as a square, whereas the cardboard
square was placed on a point, as a diamond. The pegs on the pegboard
and holes in the cardboard were pointed out to the child, who was asked
whether there were more pegs or more holes, or if they were the same.
The measurement strategy had two behavioral components: 1) pick up the
cardboard, and 2) put the cardboard over the pegs.
Pie problem . The ten pie pieces were presented scattered on the
tray, the five red and five blue pieces mixed together, no pieces
overlapping or touching. The experimenter explained that the objects
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represented pieces of blueberry and cherry pie and the child was aslced
whether there was more blueberry or cherry pie to eat, or if they were
the same. A measurement strategy was to: 1) form pie A; 2) form pie 3;
and 3) indicate extra area in red pie.
Sand container problem,
. The orientation of the containers when
presented to the child were such that none were stacked and the 6 short
containers between the two tall ones. The tall and short containers
were pointed out to the child, as containers that could carry sand at
the beach, and the child was asked which set ( the 2 tall ones or the 6
short ones) could carry more sand or if the two sets could hold the
same. If the child answered the question correctly without interacting
with the objects, the question was rephrased as: "If all these
containers (e.g. large) hold red sand and all these (e.g. small) hold
blue sand, is there more red sand or blue sand or do they have the
same?". Hie measurement strategy had 3 components: 1) begin to stack
the short containers; 2) stack all the short containers (unusual
patterns will be noted on the data sheet); and 3) compare the stacks of
short containers with the tall containers.
Training problems
Egg carton problem (analog to ping-pong)
. The eggs in the bowl
and the egg carton were pointed out to the child. The child was asked
whether there were more eggs or more slots in the egg carton or if they
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had the same. A measurement strategy was broken into two behavioral
components: 1) places an egg in a slot, and 2) places all the eggs in
the slots.
The bicycle Problem (analog to pegboard) . The bicycle, its front
wheel and the spare tire were pointed out to the child. The child was
asked whether there were more sprockets on the front wheel or more
holes in the spare tire or whether they had the same. A measurement
strategy consisted of two components: 1) picks up the spare tire, and
2) attempts to place the tire on the front wheel. It should be noted
that this was the only 'problem on which the measurement strategy would
fail, because of unequal sprockets and holes.
The puzzle problem ( analog to pies ) . The pieces from both puzzles
were presented to the child intermixed and dispersed around the tray.
The child was told that there were two puzzles, one of a cat and one of
a dog. He was then asked which of the completed puzzles would be
bigger or whether they would be the same. A measurement strategy
consisted of 3 components: 1) putting one puzzle together; 2) putting
the other puzzle together; and 3) comparing the sizes of the two
completed puzzles.
The booklet problem (analog to sand containers) . The booklets
were dispersed on the tray. The two types of booklets were pointed out
to the child and the child asked whether there would be more pages in
all of one type of book together or all of the other type of book or
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whether they would have the same. A measurement strategy consisted of
3 components: 1) stacks one type of booklet; 2) stacks the other type
of booklet; and 3) compares the two stacks.
Control problems
Find the penny. The child was presented with a plastic bowl
filled with plastic eggs and asked to find the egg with a penny inside,
without opening any of the eggs.
Describe the bike ride . The child was shorn the posterboard
bicycle with the hexagonal front wheel, and asked to talk about what
s/he thought the ride would be like if s/he could ride this bicycle.
Match the corners . The child was shown a completed puzzle on the
tray and asked to take apart the puzzle and put each corner piece in
the corresponding corner of the tray (i.e. the upper right hand puzzle
piece in the upper right hand corner of the tray)
.
Find the different book . The child was presented with 4 address
books dispersed on the tray, and asked to find the book that was
different from the others.
The Children's Embedded Figures Test
After the child completed the experimental problems, s/he was
given the CEFT. Administration of the test followed the standardized
procedure outlined in the manual (Witkin et. al.j 1971).
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The following describes the basic procedure:
1) The child was presented with a wooden cut-out of a tent.
2) The child was introduced to the idea of embedded figures by being
presented a series of 3 drawings, each slightly more complex than the
last and each with an embedded tent to be located. The wooden cut-out
was then removed.
3) Thirteen problems, in which the tent was embedded in a drawing,
were presented to the child. The initial two problems were scored as
practice.
4) Step 1 was repeated with a house.
5) A practice trial with an embedded house was given then the wooden
cut-out of the house was removed.
6) Fifteen problems, in which the house was embedded in a drawing,
were presented to the child.
Children were asked to outline the embedded tent or house with
their finger. The sequence was followed until 5 consecutive wrong
answers were given. Children age 8 and over began on the 6th tent
problem and were automatically given credit for the preceding problems;
unless they made 3 or more errors on items 7 through 11, in which case
the earlier problems were given. Scoring was the total correct answers
provided by the child, omitting practice and training trials.
CHAPTER III
RESULTS
The results section is divided into two major sets of analyses.
The first set concerns the performance of children within the control
condition. The testing situation in this condition was designed to be
similar to the circumstances provided to children in the previous
masters study. The data was first analysed so that comparisons with
the previous study were possible. Strategy choices and expertise
scores were tabulated. Consistent with the previous study, age and
total strategy use were expected to be significant predictors of
expertise; and total strategy use was expected to be curvilinearly
related to expertise, indicating increased strategy shifting with
increased problem-solving uncertainty.
Of additional interest on this study was whether CEFT scores
would also be predictive of expertise, indicating a comnon factor
between the experimental problems and this test of "field
independence". Finally, the results within the control condition were
evaluated to determine whether the same pattern of sex differences
emerged within both studies. Specifically, whether males tended to
use more interactive strategies and have higher expertise scores than
females.
The second set of analyses concerned the analog condition and the
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effect the prior training problem tad on perforrcmce. (prisons
between the control and analog subjects were conducted with regard to
expertise and total strategy use to determine how the intervention
affected problem-solving behavior.
Control Condition
Strategy choices
An overview of strategy choices on each of the four problems is
provided in Figure 4. Measurement was the predominant strategy on the
two problems which required a measurement strategy, i.e., the pie and
sand container problems. A counting strategy was preferred on the
pegboard problem and strategy preference was almost evenly divided on
the remaining ping pong problem.
In general there were few perceptual strategies. The higher
incidence, particularly among girls, on the sand container problem may
be partially due to subitizing, making rapid number judgements based
on perceptual rather than counting operations (KLahr and Wallace,
1976). Subitizing, however, would imply an incorrect answer on the
sand container problem. Four of the seven children classified as
utilizing a perceptual strategy provided an incorrect answer whereas
the remaining three did not.
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Fig. 4. Frequency of strategy choices for the experimental
problems within the control condition (N= 56).
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Optimal strategy use
Optional problems. The optimal strategy on the two problems
which did not require a measurement strategy was considered to be
measurement because it required less time and was easier to execute.
It is evident, however, that most children chose to count when an
option was present, particularly on the pegboard problem. The low
incidence of dual strategy behaviors on both problems may indicate
that either the children did not recognize a second option or it did
not interest them.
These problems were not conceptually difficult for the children
as indicated by the high percentage of correct answers, about 95%
correct answers for ping pong and 96% for pegboard (See Table 1).
This factor may have caused the children to be less inclined to search
for a simpler method of solving, or for complexities within the
problems themselves.
Mandatory problems. The two problems which required a
measurement strategy, elicited the appropriate strategy, particularly
among boys. Appropriate strategy use, however, does not imply a
correct answer, as indicated on Table 1. These problems were
conceptually more difficult for the children than the optional
problems. Choosing an appropriate strategy as well as correctly
interpreting the outcome were necessary on these problems. For
example, on the pie problem some children reverted to counting after
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Table 1
Percentage of Children using the Optimal Strategy and
Reaching the Correct Solution on each of the Experimental Problems
Control and Analog Conditions
Control Condition Analog Condition
Optional
Problems
Ping Pong
Pegboard
Choosing Correct Opt. &
Measure Answers Correct
53.57
33.93
94.64
96.43
53.57
32.14
Choosing Correct Opt. &
Measure Answers Correct
71.43 96.43 69.64
50.00 96.43 50.00
Mandatory
Problems
Pies 67.86
Sand Container 83.93
58.93 57.14 78.57
76.79 71.43 76.79
51.79 48.21
76.79 67.86
63
putting the pies together because the outstanding red piece was too
difficult to resolve. Children also attempted to resolve this problem
by ignoring the extra red piece or overlapping pieces of pie.
Predicting expertise
The measure of expertise was the number of times the child used
the optimal strategy and answered correctly. Each child received an
expertise score ranging from 0 to 4; 0 indicated not using the optimal
strategy correctly on any of the problems and 4 indicated optimal and
correct strategy use on all of the problems. The upper panel of
Figure 5 shows the number of children in the control condition at each
level of expertise.
Of primary interest in this study were the predictors of
expertise beyond the increase in performance that may be expected with
increasing age. Two variables of particular interest were whether
increased experimentation or strategy use was related to higher
expertise scores; and/or whether increased performance on a spatial
test, such as the CEFT, appeared to be related to higher expertise
scores
.
A potential confound existed, namely age, between the variables
of interest; expertise, total strategy use, and CEFT scores.
Performance on total strategy use and CEFT may, like expertise, have
increased with age. To test whether performance on these variables
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Fig. 5. Number of subjects at each level of expertise, analog
and control conditions.
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were predictive of expertise it was first necessary to determine
whether age was a confounding variable, and if so, to eliminate
variablity attributable to age from expertise before testing these
additional factors.
Total strategy use. Total strategy use was computed as the
number of counting and measurement strategies used by each of the
children over the four problems. The possible range of scores was
from 0 to 8, with a score of 0 given if the child used only a
perceptual strategy on all of the problems and 8 if both measurement
and counting were used on all of the problems. Total strategy use was
not found to be related to age (see Table 2).
In addition, total strategy use was not curvilinearly related to
age or expertise. Therefore the previous results of increased
strategy shifting with increased problem uncertainty were not
supported within this control sample.
Spatial ability
. Raw scores for the Children's Embedded Figures
Test (CEFT) were computed for each of the children. Performance on
the CEFT was significantly related to age (see Table 2).
Predictors of expertise. Since age was a confounding variable
between expertise and the CEFT, it was imperative that variability
attributable to age be eliminated from expertise before spatial
ability was tested as a predictive factor. This was accomplished by
using a hierarchical multiple regression technique in which factors
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Table 2
Regressions on the Control Sample testing the Relationship*
between Variables (N=56
)
Dependent
Variable
Independent
Variable Sign. R l
Total Strategy Age
Use
,041 n.s ,041
CEFT Age
.283
.001 .283
Expertise Age
.174
Total Strategy Use .225
CEFT
.158
.001
.001
.001 .557
Total Correct Age
.212 .001
Total Strategy Use .087 .048
CEFT
.123 .002 .422
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are tested in the desired sequence. Each factor was tested after
variability attributable to age was eliMnated from the scores of the
dependent variable.
Total strategy use and the CEFT were found to be significant
predictors of expertise, accounting for about 22% and 16% of the
variance after the variability attributable to age had been removed
(see Table 2). The three factors together account for about 56% of
the variablity on the expertise measure.
Predicting total correct
Since expertise scores rely on both the execution of the optimal
strategy and attaining the correct answer, it was desireable to
ascertain whether the predictors would remain significant if only the
number of correct answers was the criteria. Such a result would
indicate that these predictors were not tied solely to the child's
ability to chose and execute the optimal strategy, but to a general
ability to solve these problems irrespective of strategy choice.
Total correct was computed as the number of correct answers given
on the four problems, irrespective of strategy choice. Subjects
received a score between 0 and 4, which was a tally of the number of
correct answers provided. The overall variance which was accounted
for by age, total strategy use and the CEFT was less than with the
expertise measure tut all three variables were significant predictors
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of total correct (see Table 2).
Sex differences
T-tests comparing scores of male and female subjects in the
control condition found that males performed better than females on
three measures (see Table 3). The boys used more strategies than the
girls and scored higher on the CEFT (p < .003 and p < .043,
respectively)
.
Males also used the optimal strategy and provided the
correct answer more frequently than females on the mandatory problems
(p<.048). There was not a significant difference' in performance of
boys and girls, however, on general expertise nor with the optional
problems
.
Regressions predicting expertise and total correct indicated that
age may be a relatively more important factor for males and total
strategy use a relatively more important factor for females (see Table
4)
.
It should be noted, however, that statistical power was lost when
the sample was divided in this manner. Nonetheless, total strategy
use accounted for 24% and 15% of the variance for expertise and total
correct scores among females; whereas for males, total strategy use
accounted for only 18% and 1% of the respective variances.
Conversely, age was a powerful predictor for males on expertise and
total correct scores, 25% and 27% respectively; but not as strong
among females, 11% and 18% respectively.
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Table 3
T-tests Comparing Scores of Male and Fphv^ grtjgcts
in the Control Condition (N=56)
Variable Sexb Mean S.D.
Total Strategy Male 4.46
Use
.69
Female 3.89 .79 2.89
.003
CEFT Male 14.00 5.80
Female 11.36 5.49 1.75
.043
Mandatory Male 1.46
.74
Expertise
Problems Female 1.11
.83 1.69 .048
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Comparing the Analog and Control Conditions
The second set of analyses concerned the possible effects of the
analog condition on strategy choice and expertise. Of particular
interest was whether prior experience with contextually rich but
simlarly structured problems had any effect on experimental problem
solutions. If a difference were found, of additional interest was
just how performance changed, and which subjects (i.e., with respect
to age and sex) were most affected.
Strategy choices
An overview of strategy choices by analog subjects on each of the
experimental problems is provided in Figure 6
. Measurement was the
predominant strategy on three of the problems and about equal to
counting on the pegboard problem. Although the analog condition did
not consistently elicit more strategies than the control condition, it
is clear that measurement was the preferred strategy more frequently
among analog rather than control subjects, with the possible exception
of the sand container problem.
Expertise
Optional problems
. Although the analog condition appears to have
73
Fig. 6. Frequency of strategy choices for the experimental
problems within the analog condition (N= 56).
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elicited more measurement strategies on the experimental problems, it
is clear from Table 1 that inducing a measurement strategy prinerily
increased expertise scores on the optional problems (t= 2.43, p<.01).
This is not surprising since expertise is defined in terms of both
optimal strategy (measurement) and correct answer. Since as with the
control sample, a ceiling effect occurred in correct responding (96%),
a change in strategy choice was sufficent to increase expertise
scores
.
A comparison of strategy choices between the control (see Figure
4) and analog subjects (see Figure 6) indicates that the bicycle
problem tended to induce measurement on the analogous pegboard
problem. A numerical rather than measurement strategy was devised on
the pegboard problem by 13 control subjects but only 1 analog subject.
The control subjects recognized that the pegs as well as the holes on
the card had 3 on top, 2 in the middle, and 3 on the bottom. Size
with regard to the total square shape or individual pegs and holes was
irrelevant with this strategy.
Mandatory problems
. The level of correct responding was much
lower on the mandatory problems. Consequently, even though more
measurement strategies were employed (at least on the pie problem),
expertise was not significantly increased. Apparently, inducing
measurement strategies did not insure adequate interpretation of the
outcome in these more conceptually difficult problems (see Table 1).
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Inducing strategies through the analog condition may have elicited
logical reasoning errors from the children that they would not have
devised without the prior analog problems. For example, 5 analog
subjects but only 1 control subject formed the pies and recognized
that one piece of red pie would not fit, they then concluded that the
blue had more pie because 5 pieces were required to form an entire
blue pie whereas the red pie required only 4 pieces. This logical
twist may have occurred more frequently among analog subjects because
they measured but were not certain why they measured.
The effects of age in the Analog Condition
Expertise. Figure 7 shows expertise plotted with age for the
analog and control subjects; each point represents the mean score and
mean age of 8 subjects. So that each point would be equally weighted
as to sex, the four youngest girls were grouped with the four youngest
boys in each condition. This procedure was repeated as age increased
until the seven data points were obtained for each condition. Two
aspects of Figure 7 were unexpected. First, there appears to be an
interaction between the two conditions and age, and second, expertise
appears to be curvilinear with age in the analog condition. It
appears that age was a factor with regard to expertise in that younger
children were more likely to benefit from the training problems than
older children.
77
Fig. 7. Expertise in relation to age for each condition
(each point represents the mean score for 8 subjects).
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A series of analyses of covariance were conducted to evaluate the
effects of age and condition on expertise, optional expertise and
mandatory expertise (see Table 5). Although little variance was
accented for by all three regressions, condition m a significant
main effect on the optional problems and an interaction appeared
between age and condition on the mandatory problems. The condition
effect signifies more measurement by analog children cm the optional
problems. The interaction between age and condition on the mandatory
problems signifies that young children in the analog condition did
better on these problems than their same aged controls. That benefit
diminished with increasing age, in fact the analog condition appears
to have been detrimental to the performance of older subjects.
Total strategy use. Figure 8, which was constructed in the same
manner as Figure 7, shows how total strategy use changed with age and
condition. An interaction was evident indicating that younger but not
older children in the analog condition used more strategies than their
same aged controls. The results of the analyses of covariance show a
significant interaction between age and condition for total strategy
use (see Table 5). The analog condition appears to have induced more
strategy use among younger but not older children.
Analysis of problems
. Table 6 shows how younger and older
children were affected differently by the analog condition. Whereas
younger analog children measured more frequently and tended to use
80
Fig. 8. Total strategy use in relation to age for each
condition (each point represents the mean score for 8 subjects).
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Table 5
Age and Condition as Predictors of Experti
and Total Strategy Use (N= 112)
Dependent
Variable
Independent
Variables
Expertise
Optional
Expertise
Mandatory
Expertise
Age
Condition
Interaction
Age
Condition
Interaction
Age
Condition
Interaction
Total
Strategy
Use
Age
Condition
Interaction
Sign.
Total
.037
.009
.047
.042
n.s.
.020 .093
.004
.051
.029
.132
.009
.031
.006
.005
.053
n.s.
.017
n.s,
.001
n.s.
.048
n.s,
n.s.
.015
,084
,171
,064
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more dual strategies than their same aged controls, older analog
subjects did not. With the exception of the pie problem, the analog
condition induced little oual strategy behavior among older subjects.
In general, older analog subjects measured less frequently than the
same aged control subjects and younger analog subjects.
The strategy discrepancies between older analog subjects and the
same aged controls can be expressed for each of the problems
separately in the following manner: 1) Older analog subjects tended
not to use both strategies on the ping pong problem. 2) They tended
to measure less frequently on the pegboard problem, suggesting a
negative transfer effect for a measurement strategy from the previous
bicycle problem. 3) They counted more frequently on the pie problem,
suggesting a possible confusion as to whether counting might have
worked, as it would have on the previous puzzle problem. 4) Finally,
they used more perceptual strategies on the sand container problem.
All of these differences in strategy may indicate and attempt by older
analog subjects to minimize their efforts on the problems.
It would appear that this attempt to minimize effort resulted in
an overgeneralization of the experience from the analog problem to the
experimental problem, resulting in poorer performance for older analog
subjects. Whereas young analog subjects did better than the same aged
controls on the mandatory problems, older analog subjects did worse
(see Table 6).
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Predicting expertise within the Analog Condition
Age, total strategy use and spatial ability as measured by the
CEFT proved to be good predictors of expertise in the control
condition. Similar analyses were conducted on subject performance in
the analog condition to determine whether these three factors remained
predictive. The results in Table 7 indicate that neither age nor the
CEFT were predictive of expertise on the experimental problems within
the analog condition. The only significantly predictive factor of
expertise in this condition appears to have been total strategy use.
Sex differences
T-tests comparing male and female performance on total strategy
use, expertise, total correct, mandatory expertise, and optional
expertise found no significant sex differences in the analog
condition. The male advantage within the control condition, of
increased strategy use and increased expertise on the mandatory
problems appears to not hold true in the analog condition.
Curvilinear relationships within the Analog Condition
Changes in performance
.
Important predictors of expertise in the
control condition were not predictive in the analog condition, and the
sex difference favoring males in total strategy use and mandatory
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Table 7
Predicting Expertise on the Experimental Problems
for Subjects in the Analog Condition (N=s^
Dependent Independent
Variably Variable r* Sign. r*
Expertise Age
. 000 n .s.
Total Strategy Use
.318
.001
^ .006 n.s.
.324
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expertise were not evident in the analog conditon. These two findings
suggest that the analog condition not only compensated for age and
spatial differences in solving the experimental problems but that the
type of compensation addressed the nature of the apparent sex
differences in total strategy use and mandatory expertise. The only
significant condition effect, however, was on the optional problems.
Therefore it would appear that the compensation provided by the analog
problems was not uniform at all ages, for if it had been, significant
increases in total strategy use and mandatory expertise would have
been expected when analog performance was compared with controls.
The interactions between the analog and control conditions
indicated that age was an important factor in determining how
beneficial the analog condition was while solving the experimental
problems. In particular, younger subjects benefited most, using more
strategies and increasing mandatory and general expertise relative to
their same aged controls. In contrast, older analog subjects were
harmed in terras of performance on mandatory expertise and total
strategy use measures.
Qjrvilinear relationships between age, and expertise and total
correct, within the analog sample further support this conclusion (see
Table 8) . Older analog subjects showed a decline in performance on
expertise and total correct. These curves were not evident within the
control condition. Older analog subjects, performed worse than younger
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Table 8
Curvilinear Relationships within the Analog Condition
Dependent
Variable
Independent
Variable r^ Sign.
Expertise Age (linear)
Age (curve)
.000
.100
n.s.
.019
.100
Total Correct Age (linear)
Age (curve)
.076
.097
.040
.016 .179
Total Strategy Expertise (linear) .302 .001
Use
Expertise (curve) .087 .008 .387
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children in the same condition and same aged subjects in the control
condition.
Changes in strategy shifting A decrease in strategy use was
found with increased expertise among analog subjects (see Table 8).
This curve was related to increased knowledge about solving these
problems rather than age per^e. The result supports the conclusion
in the previous masters study that increased problem solving
uncertainty results in increased strategy shifting. This
interpretation seems tenuous, however, because the analog condition
was so dramatically different from the previous study. Younger rather
than older children benefited most from the training problems and
thereby constituted a greater proportion of the children at the higher
end of the expertise scale than in the masters study. On this basis,
the result would not appear to be equivalent between the two studies.
Sex differences
. The analog sample was divided by sex and
separate regressions conducted. This procedure is of questionable
validity because of the necessary decrease in sample size, which is
below the acceptable number of subjects to run an exploratory multiple
regression. The results of these regressions are also questionable
because they explore the existence of curvilinear relationships within
the data. A curve within one subsample may be easily lost because of
a slight dip within the functions or increased variability from
extraneous factors. The results of these regressions therefore should
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be interpreted with caution. Nonetheless, the results suggest an area
of potential sex difference with regard to processes which was
supported by stronger evidence within the study.
Older analog males, rather than females, appeared to be
curtailing their strategy use. A curve was evident only with the male
subsample, accounting for about 15% of the variance (p <.044).
Reduction of strategies by older analog males was further supported by
an accompanying decrease in expertise and total correct. These two
curves while evident with the entire analog sample only remained
significant within the male subsample. The expertise curve with age
accounted for a sizeable portion of the variance (25%, p < .007) and
the total correct curve accounted for 15% of the variance (p < .004).
Evidence of these curves within the analog male subsample suggest that
older analog males were particularly negatively affected by the analog
condition. So the apparent loss of sex differences in performance in
the analog condition may be ,in part, attributable to a decrease in
older male performance, rather than a general increase in female
performance.
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Hie Training Problems
A few analyses «re conducted on the training problem. of
course these probes were only given to children in the analog
condition and were designed to induce measures rather than
introduce a conflict between measurement and counting, as were the
experimental problems.
Strategy choices
Figure 9 depicts the strategies elicited from children on each of
the training problems. Measurement was the predominant strategy on
all of the problems, except the bicycle problem. The problems were
successful in eliciting measurement from both males and females.
Optimal strategy
The optimal strategy for 3 of the problems was considered to be
measurement because it was easier to execute on the egg carton problem
and conceptually correct on the puzzle and booklet problems. The
bicycle problem required a counting strategy because measurement would
not lead to a solution.
Expertise
Although the problems were contextually rich and therefore
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Fig. 9. Frequency of strategy choices for the training problems.
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relatively easy with regard t0 determining a
strategy oatcore was still somewhat difficult to interpret (see Table
9). Children made errors on the bicyole and puzzle problem because
they decided to respond according to appearances. Specifically, u
children had insisted that there were equal holes «d sprokets on' the
bicycle problem, even though 4 of the children had counted. In
addition, 4 children thought the dog puzzle was larger than the cat
puzzle because it had a vertical rather than horlzonal orientation.
Predicting expertise
The CEFT and age were not predictive of expertise on the training
problems, but total strategy use and sex were significant predictors
(see Table 10). Males did significantly better than females on
expertise (t= 2.53, p 4 .008) and total correct (t= 2.33, p < .012)
but not total strategy use (t=1.41, p <.09).
Comparisons between training and experimental problems
Subjects did not perform significantly better on the training
problems than on the experimental problems. T-tests between
performance on the two sets of problems indicated no difference in
total strategy use, expertise or total correct. The relationship
between each subject's performance on the two sets of problems was
quite strong with regard to expertise and total strategy use; (r=.506,
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Table 9
Percentage of Children using the Optimal Strategy
and reaching the Correct Solution on each of the
Training Problems (N= 56)
Choosing Correct Optimal
Problem Optimal Strat . Answers and Correct
Egg Carton 58.93 87.50 58.93
Bicycle 75.00 80.36 67.86
Puzzles 66.07 76.78 51.78
Booklets 80.36 87.50 75.00
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Table 10
Predicting Expertise on the Training Problems
Dependent Independent
Variable Variable r{ Sign.
n.s.Expertise Age .024
Sex .105 .015
Total Strategy Use .362 .001
CEFT .000 n.s. .491
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p < .001 and r=.610, p < .001, respectively). There was no
relationship, however, for total correct (r=.025), suggesting that
transfer as to strategy may have occurred but not information
regarding the interpretation of a potential outcome on a problem.
CHAPTER IV
DISCUSSION
There were two sets of questions addressed in this study. The
first set concerned whether the results from the previous study would
be replicated, thereby supporting previous conclusions regarding the
existence of sex differences and decreasing experimentation (i.e.,
total strategy use) as knowledge about the problem increased (i.e.,
expertise). The second set concerned the nature of the apparent sex
differences. This section of the study was primarily exploratory, to
ascertain which variables were implicated as sources of cognitive sex
difference; specifically, contextual susceptibility, spatial ability,
activity level, and the ability to break set.
Replication
Supportive results
The sex differences of increased strategy use and mandatory
expertise by males were repeated among the control subsample within
this study. Males used more strategies overall (p < .003) and
performed better on the problems requiring measurement (p < .048).
Total strategy use was a good predictor of expertise as was age.
These results support the hypothesis that a cognitive sex difference
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exists with regard to solving these types of problems. Boys are
significantly more interactive afaile solving, a factor which appears
to contribute to increased performance.
Additional findings
Two findings, which were not explored in the masters sample,
suggest that superior male spatial ability and the reluctance of girls
to interact with the objects may contribute to the apparent sex
difference. A sex difference favoring male performance on the CEFT
was evident within the control sample (p < .043), confirming the
findings of others (Fagot & Littman,1976; Schratz,1978) : and the CEFT
was found to be a significant predictor of expertise ( p < .001). It
is thereby established that the experimental problems in this study
directly relate to a common factor within the CEFT and indirectly to
other tests which are highly correlated with the CEFT, specifically:
the water level problem (Geringer & Hyde, 1976), pattern walking
(Keogh & Ryan, 1971), Raven's Matrices, and the WPPSI geometric and
block design subtests (Coates, 1978). The common factor among these
various tests may not be general spatial ability but in particular the
ability to find a frame of reference within a spatial context and use
that referent in devising a spatial strategy. This would appear to be
a necessary process on all of the preceeding tests as well as on the
traditional measures of field independence.
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Age, total strategy use and the CEFT were strong predictors of
expertise and total correct, accounting for 56% and 42% of the
respective variances. When the sample was split by sex, however, age
appeared to be a relatively more i^nportant factor among males and
total strategy use a more important factor among females, whereas the
importance of the CEFT remained about the same.
This combination of results suggests that girls were restricting
their performance by being less interactive on the problems; whereas
among the boys, activity level was not as great a factor on expertise
and not a significant factor in obtaining the correct answer. In
other words, boys were interactive enough for it not to be a factor in
determining performance whereas the more conservative girls tended to
detract from their performance by not interacting more with the
objects. This tendency not to be interactive does not appear to
improve with age. It may be characteristic of the personality,
situation or both.
IXjring a session with a kindergarten girl, the child's mother
quietly observed her performance on the problems. After the session
was completed and the child had left, the mother mentioned how
surprised she was by how noninteractive the child had been. The
mother claimed that at home her daughter would have been stacking
objects, putting pieces together and generally manipulating everything
within reach. This anecdote may reflect a generally conservative
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posture adopted among strangers and within public settings
particularly by girls. The cost of making a public mistake is so much
greater than a private mistake: A method of avoiding those potential
costs may be to become absolutely certain of the outcome before
committing oneself through action. While this approach may save face
and perceived potential humiliation, it restricts the benefits which
are derived through experimentation and mistakes.
Nonsupportive results
Although a sex difference in performance was evident on the
mandatory problems, no difference was present on the problems where
either counting or measurement was an acceptable strategy. These
optional problems were conceptually relatively easy for the sample as
a whole and no sex difference in strategy preference was evident. The
distinct difference between the optional and mandatory problems was
not as evident in the earlier masters study. The optional problems
were not analyzed separately there, so it is not known whether a sex
difference in performance on the optional problems existed or not.
The significant sex difference on overall expertise, which was found
in the earlier study suggests, however, that a difference had existed
on the optional problems.
Even when sex differences in performance occurred in this study,
they were not as dramatic as in the earlier study. Whereas both
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general expertise and mandatory expertise were significantly different
for boys and girls fa the first study, only r^tory expertise
differed in this study. The difference in total strategy use,
however, was about the same in both studies. In general, the girls
were doing better relative to the boys in this study, and total
strategy use does not appear to be directly implicated as the reason.
Another result which was evident within the masters sample but
not this sample concerned the decrease in total strategy use with
increasing expertise. No curvilinear relationships were evident
within the control sample of this study.
Reasons for the different findings
Structural differences. There were three areas of methodological
differences between the two studies; structural differences, sample
differences and experimenter changes. The structural changes involved
the omission of a problem that was used in the masters study, exposure
to 4 control problems, curtailing the time limit, and replacing a
final memory test with the (EFT. The problem which was omitted
required counting rather than measurement and was dropped because a
ceiling effect had been evident in the data. The problem had elicited
considerable dual strategy behavior but otherwise there appears to be
no reason to suspect that its omission in this study made a
difference.
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The 4 control problems employed some of the training materials
but were not of a spatial or numerical nature. Although the increased
warm-up time with the experimenter probably resulted in a more
comfortable testing situation for the child, there is no reason to
suspect that these problems were a factor in determining strategy
choices on the experimental problems.
The masters study imposed generous time limits on each of the
problems. The problem materials were not removed until the allotted
time had passed. This extra time vdth the materials might have
induced more experimentation from the children. The mean number of
total strategies was equivalent between the two studies,however. Mean
total strategy use in the earlier study, when adjusted for the omitted
problem, was 4.15 and in this study 4.18. The fourth structural
change, replacing the memory test with the CEPT, could not have
effected the results since both of these tests were administered after
the experimental problems had been given.
Sample differences. Although the two samples were of about the
same size, and balanced for sex, they differed in age and background.
The first study involved 59 subjects, 31 males and 28 females; and
this study tested 28 males and 28 females. The mean age was lower in
the first study, however, 80.56 months versus 92.09 months. This
difference of about a year in age certainly could make a difference
with regard to how conceptually knowledgeable the children were
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regarding an outcome of a problem. The difference In total correct
ans^rs provided, 2.73 in the first sample «hen adjusted for the
omitted problem, and 3.27 on this sanple, supports this
interpretation
.
There were also less quantifiable differences between the two
samples. The first sample was selected from an academic community and
the present sample selected from a professional ccmnunity. Both
connunities were relatively affluent and in both education was a high
priority. The school atmosphere was more competitive and achievement-
oriented within the professional community, but more important, the
math curriculum was very different. Whereas the school within the
academic community introduced very little math in grades K-3 other
than computation, the school in the professional ccmmunity provided an
interactive problem-solving orientation to math beginning in
kindergarten. This approach utilizes block play, cuisinaire rods,
Dienes blocks and other manipulatives to introduce children to the
concepts of area, volume and measurement. These children were exposed
to more spatial problems within the school setting. This difference
between the two schools regarding math curriculum may have made a
difference when the results of the two studies were compared.
Experimenter changes. Two changes in the execution of the study
were sources of potential difference. First, in the present study the
experimenter was much more demanding for validation of responses.
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After a noninteractive answer the child was always asked why s/he
thought the answer was correct or how s/he knew it was correct. A
perceptual strategy was coded only when the child responded with a
reason which was irrelevant to either measurement or counting (e.g.,
"It just looks like more" or "I just know").
Secondly, there was a greater diversity of counting and
measurement strategies exhibited within this sample, so some
flexibility was introduced with regard to coding counting and
measurement strategies. The modified strategy on the pegboard
problem was described earlier; the subjects recognized the 3 X 2 X 3
arrangement of pegs and holes, which was coded as counting. The
modified strategy on the pie problem was an individual comparison of
pie pieces for size which was coded as measurement. Four children on
the sand container problem either used their fingers to estimate the
heights or compared one small with one large container and imagined
stacking the remaining small containers. These strategies were coded
as measurement. There were no modified strategies on the ping pong
problem, 13 on the pegboard problem, 3 on the pie problem and 4 on the
sand container problem.
The combination of a more rigorous experimenter demand for
validation and more flexible coding procedures probably contributed to
a decrease in perceptual strategies in this study when compared to the
masters study, particularly on the sand container problem. In the
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first study, for instance, 29 perceptual strategies *ere recorded, 19
on the sard container problem. In this study, only 11 such strategies
were noted, 7 on sand containers. Since perceptual strategy use had
been more prevalent among girls, the experimenter changes may have
benefited them more than boys.
SunTOarY- ^ blowing factors may have contributed to a
difference in results in the two studies: age differences, school
curriculum differences and experimenter changes. The mean age of this
sample was higher, therefore these children were more knowledgeable
about the problems. The most dramatic evidence of this difference was
in the ceiling effect which was obtained on the optional problems.
The math curriculums of the two schools were different;
interactive problem solving was an important component within the math
program of the second sample; interactive math instruction was not
provided for the first set of subjects. Although the problem solving
curriculum did not appear to make the children more interactive while
solving problems, they had a better sense of the nature of the
problems and whether number, area or volume was the relevant
criterion. This type of instruction may particularly benefit girls,
helping them to understand the relationships between the dimensions of
physical objects, an understanding boys may tend to acquire through
independent, physical exploration (Tanner & Inhelder, 1958).
Probably the most important factor benefiting females in this
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sample was experimenter pressure to validate a response. Children
were always asked why they thou^t a response was correct. This query
increased the relative costs of not being able to validate a response,
making interaction with the objects more essential.
The decrease in total strategy use that was expected at the
higher levels of expertise was not found with this control sample.
This was somewhat surprising because the curve would have been
expected to be more dramatic in this sample, because the mean age of
the subjects was greater than in the masters sample. It would be
easier to accept the conclusion that the original finding had been
spurious, if a curve had not reappeared within the dialog condition.
There may be a relationship between increases in strategy shifting and
increases in problem-solving uncertainty, but at this juncture that
relationship appears to be ill-defined.
In conclusion, the sex differences in total strategy use and
mandatory expertise were replicated in this study. The difference
was probably not as great as with the masters study, because the
interactive math curriculum helped girls to understand the spatial
environment, and the added pressure to validate an answer forced less
conservative strategy behavior. In addition, a sex difference was
found in spatial ability favoring boys ,and spatial ability was found
to be a significant predictor of expertise as was age and total
strategy use.
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The Analog Condition
Superficially, it ,y appear that the analog condition had the
anticipated effect. The condition induced rore measurement strategies
and eliminated the sex difference in total strategy use and mandatory
expertise. In addition the CEFT and age were no longer significant
predictors of expertise. Thus it would appear that the analog
condition benefited girls in a manner that raised total strategy use
scores and compensated for lower CEFT scores. On closer examination,
however, it is apparent that this interpretation makes sense only for
younger analog subjects; the performance of older children appears to
have deteriorated in the analog condition.
Younger subjects
Optional problems. Younger subjects recognized the similarity
between a training problem and its experimental counterpart. On the
ping pong problem many younger analog subjects measured when they
probably would have counted if they had not experienced the egg carton
problem. On the bicycle problem many children measured and found that
it did not work; therefore on the pegboard problem not only did more
younger subjects measure than their same aged controls, but more of
these subjects tended to use both measurement and counting. Increased
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measure on the optional problem resulted in incased expertise
scores for younger amlog children «hen conpared to their sa^ aged
controls
.
Mandatory proofs
. Subjects below the median age of 94 months
measured more and used more dual strategies on the pie problem than
the same aged controls (see Table 6). This increased use of
measurement helped younger children solve the pie problem and resulted
in higher expertise scores.
On the sand container problem the influence of the training
problem in terms of strategy was not as dramatic; however, younger
analog subjects did perform better than the same aged controls. The
increased performance on expertise by younger children in the analog
condition can be primarily attributed to increased measurement and
dual strategy use.
Summary. Younger subjects benefited from the analog condition
because it encouraged them to use more strategies or strategies they
might not have considered otherwise. This inducement to measure was
reflected by higher expertise scores when compared to same aged
control subjects on both the optional and mandatory problems. It was
not directly evident that either sex among the younger children
benefited more from the training problems. Therefore, the argument
that girls are more susceptible to contextual influences is not
supported.
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Older sub jects
Whereas younger analog subjects perceived a training problem and
its experimental counterpart as similar, older analog subjects saw the
two problems as equivalent, unfortunately for these subjects this was
not completely true. The failure of measurement on the bicycle
problem did not mean that measurement would fail on the similarly
structured pegboard problem. Similarly, although counting would have
worked on the puzzle problem, it would have resulted in an incorrect
response on the pie problem.
Optional problems. The fact that these children perceived the
problems as analogous was evident by decreased dual strategy use on
the optional problems when compared to the performance of control
subjects. In the case of the ping pong problem children tended to use
the same strategy that they had used on the analogous egg carton
problem, although eleven children did shift strategies.
On the pegboard problem negative transfer with regard to
measurement appeared with only the older subjects, again Indicating
that these subjects saw the problems as analogous. Regardless of
whether the child had counted or measured on the bicycle problem, the
probability that the child would count on the subsequent pegboard
problem was greater than the probability of measurement. The
proportion of children counting on the pegboard problem after they had
Ill
-asuxed on the bicycle problem was greater than the proportion of
children who continued to measure (i.e., 45% coated, 36% measured and
18% used measurement and counting). Similarly, the proportion of
children who continued to count on the pegboard problem after counting
on the bicycle problem (70%) greater than the number of children
who changed to measurement (13%). Also, these older analog subjects
were not as inclined as their same aged controls to notice or point
out that measurement would have worked on the pegboard problem.
Therefore experience with the bicyle problem appeared to predispose
these older analog children toward counting rather than measurement
on the analogous pegboard problem.
Mandatory problems
.
The older analog subjects provided fewer
correct answers on the mandatory problems than their same aged
controls and about the same number as younger analog subjects (see
Table 6). It would seem that while solving these problems the older
analog subjects had been misled in some manner.
On the pie problem, these subjects may have thought that counting
would or should have been an effective strategy because counting would
have provided the correct answer on the analogous puzzle problem.
Although measurement was the conceptually correct response on the
puzzle problem and most children chose that strategy, the puzzles
which were of equal size also had an equal number of pieces. Older
children may have recognized this consistency and generalized that
I 1 ?-
information to the pie problem. The incentive to try this typo of
shortcut may have been greater because constructing the puzzle had
been a time consuming and somewhat laborious task. The inconsistency
between the analogous problem pair as to whether counting would work,
as well as the conflict within the pie problem with regard to number
and size, may have resulted in a more complex question; specifically,
why would counting work with the puzzles but not the pies? Children
who were not able or inclined to resolve the perceived complexities
tended to make errors on the problem.
The decrease in performance on the sand container problem was
partially due to an increase among older analog subjects in using
perceptual strategies. These children may have felt that stacking the
containers was not necessary because they had previously solved the
analogous booklet problem, therefore it was unnecessary to repeat the
strategy. Five of the eight older analog children providing
perceptual strategies on this problem answered incorrectly.
Summary. Hie general increase in perceptual strategy use among
analog subjects (see Figure 1) further supports the contention that
older analog children attempted to use the training experience to
minimize their effort on the experimental problems. These children
perceived more relationships between the training and experimental
problems than the younger children, but this perception when combined
with what seemed to be a desire to economize effort, led to an
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unexpected decrease in performance.
The desire to economize on strategies may also be seen in the
decrease in total strategy use with expertise. As the children became
more knowledgeable about the problems, they tended to drop
inappropriate and redundant strategies.
One reason that age and the CEFT were no longer predictive of
expertise within the analog condition was because expertise was found
to increase and then decrease with age. The variables were no longer
predictive because this expertise curve directly eliminated age as a
linear predictor and indirectly eliminated the CEFT because of its
high correlation with age.
Sex differences
There was no strong evidence of sex differences within the analog
condition. There were differences favoring males on total correct and
expertise, however, on the training problems themselves. Thus, no
support for the contention that females would be more susceptible to
the contextual influences provided by the training problems was to be
found.
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Conclusions
Sex differences in actfrdtg and sgatlal ability
Cn the basis of the results in both analog and control
conditions, the apparent sex differences in expertise seem to be
primarily due to an increased ability by males to devise a spatial
strategy, combined with an increased inclination by males to implement
a strategy. The evidence supporting these factors within the control
condition was obvious and straightforward. A sex difference was
obtained on the CEFT and total strategy use measures. The CEFT and
total strategy use were powerful predictors of expertise. In addition,
the relatively greater importance of total strategy use among girls in
predicting expertise and total correct suggested restraint with regard
to strategy use. This relationship between activity and spatial
ability, as measured by the CEFT, supports the theories presented by
Tanner and Inhelder(1958)
,
Maccoby (1966), Sherman (1978) and Harris
(1978); that is, increased activity in males results in a better
understanding of the spatial environment.
Among younger analog subjects both these factors were effectively
eliminated. It was no longer necessary to devise a spatial strategy,
because it was suggested through the training problem, and strategy
use increased as the result of suggesting a strategy which may not
have been independently generated. Younger boys and girls within the
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analog condition performed better than their same aged controls on the
optional and mandatory problems because of the strategy inducement
provided by the training problems.
Older analog subjects
Better performance does not necessarily imply a better
understanding of the problems and their ramifications. Older analog
subjects probably were more aware and understanding of the
complexities between and within problems than the younger analog
subjects. This increased appreciation of the complexities of the
problems may have, in fact, led to inappropriate shortcuts in solving
the experimental problems. If their understanding of the problems had
been complete, however, they would not have attempted shortcuts which
led to a decrease in expertise and total correct scores.
The use of the preceding training problem to solve the
experimental problem could be interpreted as something similar to a
reluctance to break set. Since other problems intervened between the
analog problem and its experimental counterpart, the situation is not
exactly parallel to the traditional set paradigm. Theoretically, the
intervening problems should not make a difference, however, as long as
the child perceives the experimental problem as more strongly related
to its analog counterpart than to the other experimental problems.
Evidence of negative transfer on the pegboard problem does lend some
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support to an argument of increased rigidity among older analog
subjects. There was no evidence
.however, of a greater likelihood to
retain the old strategy among females than males. On the contrary,
there was slight evidence that older analog males may have been more
adversely affected by the analog condition than females. This
conclusion contradicts the findings of Cunningham (1965) and others
(Maccoby & Jacklin, 1974); who found males to be less likely than
females to retain a failing strategy. The inability to break set,
does not appear to be a factor in determining the underlying sex
differences favoring males on the experimental problems.
Clearly, the results obtained from older subjects within the
analog condition were unexpected, and the explanation outlined is
complex and post hoc
. More supportive evidence is warranted before
further theorizing based upon these conclusions is justified.
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Name
DOB
Sex
Yoked Partner
Condition
Date
CONTROL PROBLEMS
1C - Find the Penny
Correct
Incorrect
2C - Describe the Bike Ride
Notes Wheel effect
Fails to notice wheel
3C - Match the Corners
Correct Placement
Incorrect Placement
4C - Find the Different Book
Notices the Pages
Fails to notice pages
Comments or Notes:
Name
DOB
Sex
Yoked Partner
Condition
Date
Behaviors
Task 1A - Egg Carton
Doesn't interact with objects
Begins counting eggs
Counts all eggs
Begins counting dips
Counts all dips
Places an egg in a dip
Places all eggs in dips
Correct Response
Incorrect Response
Other Behaviors:
Name
DOB
Sex Date
Yoked Partner
Condition
Task 2A - Bicycle
Behaviors
Doesn't interact with objects
Begins counting sprockets
Counts all sprockets
Begins counting holes
Counts all holes
Picks up spare tire.
Tries to place tire over wheel
Correct Response
Incorrect Response
Other Behaviors:
Name
DOB
Sex
Yoked Partner
Condition
Date
Behaviors
Task 3A - Puzzles
Doesn't interact with objects
Begins counting dog pieces
Counts all dog pieces
Begins counting cat pieces
Counts all cat pieces
Forms cat puzzle
Forms dog puzzle
Compares sizes of formed puzzles
Correct Response
Incorrect Response
Other Behaviors:
Name
DOB
Sex
Yoked Partner
Condition
Date
Behaviors
Task 4A - Booklets
Doesn't interact with objects
Begins counting brown books/pages
Counts all brown books /pages
Begins counting designed books /pages
Counts all designed books/pages
Begins stacking one set of books
Ends stacking one set of books
Stacks other set of books
Compares two stacks of books
Correct Response
Incorrect Response
Other Behaviors:
Name
DOB
Sex
Yoked Partner
Condition
Date
Behaviors
Task IE - Ping Pong
Doesn't interact with objects
Begins counting balls
Counts all balls
Begins counting slots
Counts all slots
Places a ball in a slot
Places all balls in slots
Correct Response
Incorrect Response
Other Behaviors:
Name
DOB
Sex Date
Yoked Partner
Condition
Task 2E - Pegboard
Behaviors
Doesn't interact with objects
Begins counting pegs
Counts all pegs
Begins counting rings
Counts all rings
Picks up card
Puts card over pegs
Correct Response
Incorrect Response
Other Behaviors:
Name
DOB
Sex Date
Yoked Partner
Condition
Task 3E - Pies
Behaviors
Doesn't interact with objects
Begins counting red pieces
Counts all red pieces
Begins counting blue pieces
Counts all blue pieces
Forms red pie
Forms blue pie
Notes extra piece of red pie
Correct Response
Incorrect Response
Other Behaviors:
Name
DOB
Sex Date
Yoked Partner
Condition
Task 4E - Sand Containers
Behaviors
Doesn't interact with objects
Begins counting small containers
,
Counts all small containers
.
Begins counting large containers
Counts all large containers
Begins stacking small containers
Ends stacking small containers
Compares stack of small containers
with large containers
Correct Response
Incorrect Response
Other Behaviors:
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SCORE SHEET FOR
NAME
.
CHILDREN'S CLASS .
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FIGURES TEST B,RTH DATE sex: m_f_
DATE EXAMINER.
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T
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